INTRODUCTION
India covers an area of about 1,237,061 square miles (3,203,975 km 2 ). The meterological conditions vary considerably throughout the seasons in different parts of the country. The country maintains approximately 400 million domestic animals which are susceptible to infection with foot and mouth disease virus (FMDV) (15) . With a few exceptions, animal movement is relatively unrestricted throughout the country and foot and mouth disease (FMD) is endemic. As the reporting of FMD is not a legal obligation, the epidemiological situation is unclear. On average, about 500,000 animals are affected annually in 6,000 outbreaks of disease (15) . It is estimated that the loss in milk production costs about 400 million US dollars per annum and the loss due to impaired working capacity of bullocks costs 110 million US dollars (1) .
In 1982, a systematic compulsory mass vaccination campaign in Nilgiris, southern India was initiated by the National Dairy Development Board, with the technical and financial co-operation of the Overseas Development Administration, London. Following encouraging results, the campaign was extended to 23 adjoining districts as an FMD control project which would be carried out in five phases, in which 21.5 million animals would be vaccinated. The vaccination of animals against FMD, in areas other than those in the control project, is performed on a voluntary basis and is therefore unsystematic and uncontrolled. The situation is further confused by the use of different FMDV strains to formulate the vaccines which are produced by different manufacturers and marketed in either quadrivalent or monovalent serotype composition.
Four serotypes of FMDV (O, A, C and Asia 1) have been isolated in India. Serotype A is thought to be more antigenically variable than the other six types of FMDV, since more variants have been identified (11) The virus neutralisation (VN) test using guinea pig anti-virion (146S) sera has been recommended at various times for strain differentiation and vaccine strain selection (17, 18, 19, 20) . However, SDS-polyacrylamide gel electrophoresis (SDS-PAGE), which is rapid, reproducible and easy to perform, has also been shown to be useful for detecting variation among type A FMDV strains (6, 8, 16) . Since more isolates could be analysed by SDS-PAGE than by VN it was decided to use this method for an epidemiological survey and to compare the results with published serological data.
MATERIALS AND METHODS

Cell cultures
Baby hamster kidney (BHK-21, clone 13) cells were grown at 37°C in Eagle's MEM containing 10% normal bovine serum.
Viruses
The majority of the FMDV type A isolates received from India by the World Reference Laboratory (WRL) between 1977 and 1985 were examined by SDS-PAGE. In addition, seven strains obtained from outbreaks in 1984 and 1985 (supplied by G.K. Sharma) were also analysed. The origin, reference numbers and passage history of all the virus strains/isolates used are shown in Table I .
SDS-Polyacrylamide gel electrophoresis
The radiolabelled viruses were produced in BHK-21 cells grown in either six-well or 24-well plastic tissue culture trays (Linbro), incorporating 20-50 µCi [
35 S] methionine per ml of methionine-free Eagle's MEM and resulting in a harvest volume of 1 ml or 0.5 ml, respectively. The subsequent partial purification of the viruses by pelleting through caesium chloride/glycerol viscosity-density gradients and the SDS-PAGE technique (4% stacking and 10% resolution gels, both containing 8M urea) have been previously described in detail (8). 2. An isolate from Bombay, Maharashtra in 1977. (Fig. 4) .
A group of four isolates collected in 1981 in Himachal Pradesh (2 February), Punjab (5 and 9 March) and Rajasthan (24 April) had a polypeptide pattern completely distinct from all those already mentioned (pattern 7; Figs. 3 and 5) . The first three were all isolated from domesticated buffalo. Interestingly, polypeptides IB and 1C of these four viruses co-migrated with the corresponding polypeptides of A24/Cruzeiro/Brazil/55, but not with those of MAL/4/81, an isolate from Malawi, which had a similar overall pattern (Fig. 3) . Fig. 6 ) and one isolate (IND/32/82; pattern 10; Fig. 4) . A virus isolate from Bhutan (BHU/1/82) had the positions of IB and 1C in common with the group 9 isolates, but had a unique 1D position (Fig. 3) .
No virus isolates were available from 1982 or 1983 and in these two years outbreaks of FMD serotype A were reduced (14). In the following years outbreaks of type A increased and analysis of six isolates from 1984 and two from 1985 revealed that all had an identical polypeptide pattern which was distinct from previous patterns (pattern 11; data not shown).
None of the viruses isolated between 1977 and 1985 had a polypeptide pattern similar to the classical A22/Iraq/24/64 reference strain; i.e. neither share IB and 1C with A22. The pattern of the IVRI A/Holland vaccine strain differs from that of A5/Allier/France/60, but is identical to that of A10/Holland/42 (data not shown).
DISCUSSION
A study of the prevalence of FMDV in India during the period 1971-1979 showed that of 3,844 viruses isolated, 54.4% were type O, 14.1% were type A, 10.1% were type C and 21.4% were type Asia 1 (3). Antigenic variation amongst Indian FMDV isolates was reported as early as 1951 (24) when cross-protection studies in guinea pigs showed that some virus isolates were very different from the "standard" guinea pig adapted 0 6 However, SDS-PAGE analysis is neither an analysis of antigenicity nor can it be correlated with protection. The results presented here demonstrate only that there are changes in the capsid proteins of the viruses studied; these changes may not lie in antigenic regions. Viruses isolated within a defined geographical region and time period and which have identical polypeptide patterns are probably very closely related and SDS-PAGE can be used to screen virus isolates for unusual polypeptide patterns. These virus isolates may then be studied in more detail by conventional serological techniques. It is possible that passage through cell cultures, or unnatural hosts such as mice, may preferentially select minor population variants with altered capsid proteins. In this study we had no control over the isolation and initial passage of the virus isolates; if possible, however, passaging should be kept to a minimum.
The antigenic diversity of FMDV in the form of seven serotypes and numerous variants (10) , the wide range of susceptible host animals and short-term immunity either by vaccination or natural infection, emphasise the need to monitor the epidemiology of the disease closely. Biochemical techniques such as SDS-PAGE, used in conjunction with serological tests, can be useful for screening large numbers of FMDV isolates from defined geographical areas with the aim of identifying variants. 
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